To discover candidate biomarkers for diagnosis and detection of human laryngeal carcinoma and explore possible mechanisms of this cancer carcinogenesis, two-dimensional strong cation-exchange/reversed-phase nano-scale liquid chromatography/mass spectrometry analysis was used to identify differentially expressed proteins between the laryngeal carcinoma tissue and the adjacent normal tissue. As a result, 281 proteins with significant difference in expression were identified, and four differential proteins, Profilin-1 (PFN1), Nucleolin (NCL), Cytosolic non-specific dipeptidase (CNDP2) and Mimecan (OGN) with different subcellular localization were selectively validated. Semiquantitative RT-PCR and Western blotting were performed to detect the expression of the four proteins employing a large collection of human laryngeal carcinoma tissues, and the results validated the differentially expressed proteins identified by the proteomics. Furthermore, we knocked down PFN1 in immortalized human laryngeal squamous cell line Hep-2 cells and then the proliferation and metastasis of these transfected cells were measured. The results showed that PFN1 silencing inhibited the proliferation and affected the migration ability of Hep-2 cells, providing some new insights into the pathogenesis of PFN1 in laryngeal carcinoma. Altogether, our present data first time show that PFN1, NCL, CNDP2 and OGN are novel potential biomarkers for diagnosis and therapeutic targets for laryngeal carcinoma, and PFN1 is involved in the metastasis of laryngeal carcinoma.
Introduction
Laryngeal carcinoma, one of the most common types of cancer in the head and neck, accounts for 2.4% of new malignancies worldwide every year [1, 2] . This cancer is mainly squamous cell carcinoma, reflecting its origin from the squamous cells [3] . In addition, it is approved that laryngeal carcinoma may spread by direct extension to adjacent structures, and frequently distant metastasis to the lung [4, 5] . Up to now, most patients of laryngeal cancer could retain laryngeal function after the therapy if the disease was detected at an early stage. But unfortunately, the fact is that the disease is often diagnosed at advanced stages because of the lack of reliable, early diagnostic biomarkers. Therefore, identification of biomarkers for early detection and prognosis is important and may in turn lead to more effective treatments using multiplex technologies.
Proteomics, a study of the complete protein complements of the cell, is the integration of biochemical, genetics, and proteomics data in the detection of biomarkers for early detection of cancers [6] [7] [8] . Proteomics is currently considered to be a powerful tool for global evaluation of protein expression, and has been widely applied. It has been suggested that analysis of the cancer proteome can be beneficial to understand not only the association between protein alterations and malignancy, but also the effect of molecular intracellular mislocalization in tumour initiation [9] . Consistently, the development of increasingly high-throughput and sensitive mass spectroscopy-based proteomic techniques provides new opportunities to examine the physiology and pathophysiology of many biological samples. The two dimensional liquid chromatography tandem MS (2D LC-MS/MS) analysis is emerging as one of the more powerful quantitative proteomics methodologies in the search for tumour biomarkers [10, 11] . For instance, in previous study the authors used 2D LC-MS/MS to identify 100 differentially expressed proteins from rheumatoid arthritis patients, and concluded that up-regulation of vasculature development related proteins and down-regulation of redox-related proteins in fibroblast-like synoviocytes were predominant factors that may contribute to the pathogenesis of rheumatoid arthritis [12] . Moreover, using LC-MS/MS, Moon et al efficiently quantified the proteins of balding and non-balding dermal papilla cells (DPCs) from patients, and 128 up-regulated and 12 downregulated proteins among 690 distinct proteins were identified in balding DPCs compared to non-balding DPCs [13] .
A number of studies using proteomics based on surfaceenhanced laser desorption/ionization time-of-flight MS have identified the differential serum proteins in laryngeal carcinoma, leading to discovery of potential biomarkers for diagnosis or prognosis [14, 15] . Although some proteomic studies on laryngeal carcinoma tissue have been reported [16] [17] [18] , there are no clinically established biomarkers available for early detection and therapeutic targets of this cancer. Therefore, to obtain more information, in the present study, 2D LC-MS/MS was performed to identify the differential proteins between laryngeal carcinoma tissue and corresponding adjacent noncancerous tissue, and then the bioinformatics analyses, including gene ontology (GO) analysis, and protein network analysis of different proteins were conducted. Subsequently, values of the four differential proteins (PFN1, NCL, CNDP2 and OGN) with expressional alterations were selectively validated by semiquantitative RT-PCR and Western blotting. Furthermore, we first time show that PFN1, NCL, CNDP2 and OGN may be potential diagnostic and therapeutic targets for laryngeal carcinoma, and demonstrate that PFN1 is involved in the migration of human squamous cells.
Methods

Patients
Thirty-four laryngeal carcinoma tissues and corresponding adjacent noncancerous tissues were obtained from 34 patients who underwent surgical resection in Shanghai Changzheng Hospital, in accordance with approved human subject guidelines approved by the Scientific and Ethical Committee of Second Military Medical University. And an informed consent form was signed by the participants to proceed with the protocol research. All patients undergone resection and were not treated with neoadjuvant chemotherapy or radiotherapy. Two specimens were obtained from each patient, one from the centre of the tumor and the other of similar mass from remote areas (.1 cm) adjacent to the cancerous regions. All these samples were taken by experienced surgeons and examined by experienced pathologists, frozen immediately in liquid nitrogen, and then frozen at 280uC until use. The clinical details of the patients are shown in Table 1 .
Protein sample preparation
Samples collected from ten cancer tissues and the corresponding adjacent noncancerous tissues groups were pooled, respectively. 2 mg samples were ground in liquid nitrogen. One milliliter of lysis buffer (7 M urea, 2 M thiourea, 1x Protease Inhibitor Cocktail (Roche Ltd. Basel, Switzerland)) was added to sample, followed by sonication on ice and centrifugation at 13 000 rpm for 15 min at 4uC. The supernatant was stored in small aliquots at 280uC and the protein concentration was determined using a modified Bradford method.
2D-LC-MS/MS
One hundred micrograms of protein were reduced with 1 mM DTT for 45 min at 60uC, and carbamidomethylated with 5 mM iodoacetamide for 45 min at room temperature in the dark. Alkylated proteins were diluted four times with deionized water, and then digested with sequencing grade modified trypsin (Promega) overnight. The protease/protein ratio was 1: 50. The resulting peptide mixture was acidified with TFA to pH = 3, and then was desalted using a 1.3 ml C18 solid phase extraction column (Sep-Pak Cartridge) (Waters Corpoation, Milford, USA).
The peptides were dried using a vacuum centrifuge and then resuspended with loading buffer (5 mM Ammonium formate containing 5% acetonitrile, pH 3.0), separated and analyzed by two-dimensional (2D) strong cation-exchange (SCX)/reversedphase (RP) nano-scale liquid chromatography/mass spectrometry (2D-nanoLC/MS). The experiments were performed on a Nano Aquity UPLC system (Waters Corporation, Milford, USA) connected to an LTQ Orbitrap XL mass spectrometer (Thermo Electron Corp., Bremen, Germany) equipped with an online nano-electrospray ion source (Michrom Bioresources, Auburn, USA).
A 180 mm62.4 cm SCX column (Waters Corporation, Milford, USA), which was packed with a 5 mm Poly Sulfoethyl Aspartamide (PolyLC, Columbia, MD, USA) was used for the first dimension. To recover hydrophobic peptides still retained on the SCX column after a conventional salt step gradient, a RP step gradient from 5% to 50% acetonitrile (ACN) was applied to the SCX column. A 15 ml plug was injected each time to form the step gradients. At last, 1 M Ammonium formate (NH4FA) was used to clean the SCX colum once. The plugs were loaded onto the SCX column with a loading buffer at a 15 ml/min flow rate for 6 min. A 15 ml peptide sample was loaded onto the SCX column before the gradient plugs were injected. The eluted peptides were captured by a trap column (Waters) while salts were diverted to waste. The trap column (2 cm x 180 mm) was packed with a 5 mm Symmetry C18 material (Waters). The RP analytical column (15 cm x 100 mm) was packed with a 1.7 mm Bridged Ethyl Hybrid (BEH) C18 material (Waters), and was used for the second dimension separation.
The peptides on the RP analytical column were eluted with a three-step linear gradient. Starting from 5% B to 40% B in 40 min (A: water with 0.1% formic acid; B: ACN with 0.1% formic acid), increased to 80% B in 3 min, and then to 5% B in 2 min. The column was re-equilibrated at initial conditions for 15 min. The column flow rate was maintained at 500 nl/min and column temperature was maintained at 35uC. The electrospray voltage of 1.9 kV versus the inlet of the mass spectrometer was used. LTQ Orbitrap XL mass spectrometer was operated in the datadependent mode to switch automatically between MS and MS/ MS acquisition. Survey full-scan MS spectra with two microscans (m/z 300-1800) were acquired in the Obitrap with a mass resolution of 60,000 at m/z 400, followed by ten sequential LTQ-MS/MS scans. Dynamic exclusion was used with two repeat counts, 10 s repeat duration, and 90 s exclusion duration. For MS/MS, precursor ions were activated using 35% normalized collision energy at the default activation q of 0.25.
The 2D-LC-MS/MS experiment was repeat three times for cancer sample and corresponding adjacent noncancerous sample, respectively.
Peptide sequencing and data analysis
All MS/MS spectrums were identified by using SEQUEST [v.28 (revision 12), Thermo Electron Corp.] against the human UniProtKB/Swiss-Prot database (Release 2011_12_14, with 20249 entries), as previously described [12] . To reduce false positive identification results, a decoy database containing the reverse sequences was appended to the database. The searching parameters were set up as follows: full trypsin cleavage with two missed cleavage was considered, the variable modification was oxidation of methionine, the peptide mass tolerance was 20 ppm, and the fragment ion tolerance was 1 Da. Trans Proteomic Pipeline software (revision 4.0)(Institute of Systems Biology, Seattle, WA) was then utilized to identify proteins based upon corresponding peptide sequences with $95% confidence. The peptides results were filtered by Peptide Prophet with a p-value over 0.90 and a Protein Prophet probability of 0.95 was used for the protein identification results. Employing the APEX tool to quantified the protein abundances, the abundances estimated by normalizing for the measured total protein concentration. The false positive rate of less than 1% was set for all peptide identifications.
Bioinformatics analysis
The original data were derived from analysis using APEX software. Differentially expressed proteins were screened using the 2-sample t-test (P,0.05) and fold change (.1.5 or ,0.667) method. All expression values of the differentially expressed proteins were first converted to a log form and then input as hierarchical clustering algorithms, where the Euclidean distance was used for distance and average for linkage for GO analysis. Differentially expressed genes were mapped to the appropriate GO database to calculate the number of genes at each node, using EASE software. The differentially expressed genes were classified according to bp (biologic process), cc (cellular component), and mf (molecular function) independently. In protein network analysis, interactions between genes in the range of the genomes analyzed were analyzed by downloading the pathway data in KEGG, MIPS, PubMed, MINT, Human Protein Reference Database (HPRD), BioGRID, Database of Interacting Proteins (DIP), and Reactome, using the BIND software package. Interrelationships between genes that had been reported in the literature were analyzed by co-citation calculation. The established gene network was able to directly reflect the interrelationships between genes at an overall level as well as the stability of the gene regulatory network.
Cell line and culture
The human laryngeal carcinoma cell line Hep-2 was obtained from the cell bank of the Shanghai Institute of Cell Biology (Shanghai, China). The cells were maintained in RPMI 1640 upplemented with 10% FBS, 100 U/ml penicillin, 100 mg/ml streptomycin sulphate, and 1 mM sodium pyruvate at 37uC in 5% CO 2 .
siRNAs preparation and transfection
The siRNAs were chemically synthesised by Shanghai GenePharma Co., Ltd.. The siRNA sequences for PFN1 were previously described [19] : siRNA-PFN1: 59-AGA AGG UGU CCA CGG UGG UUU -39 (forward) and 59-ACC ACC GUG GAC ACC UUC UUU -39 (reverse). The negative control siRNAs were designed as follows: 59-UAG CGA CUA AAC ACA UCA AUU-39 (forward) and 59-UUG AUG UGU UUA GUC GCU AUU-39 (reverse). According to the manufacturer's specifications, the transfections of siRNA were carried out with Lipo2000 (Invitrogen) in 6-well plates. Until reached 50-70% confluence, the Hep-2 cells were transfected with 20 nM of siRNA for 6-12 h, and then replaced with the regular growth media. And cells were cultured for another 24-72 h before performing the experiments.
Semiquantitative RT-PCR
The total RNA was isolated from frozen tissues, and cells were extracted using TRIzol reagent (Takara). Two microgram of total RNA was used for cDNA synthesis using the RevertAidtm First Strand cDNA Synthesis Kit #1622 (Fermentas) according to the manufacturer's instructions. The primer sequences and the expected sizes of PCR products were as follows: PFN1, 59-ATC GAC AAC CTC ATG GCG GAC G-39(forward) and 59-TTG CCA ACC AGG ACA CCC ACC T-39(reverse) (140 bp); NCL, 59-GAA AGC GTT GGA ACT CAC-39(forward) and 59-AAG TGT TCT CGC ATC TCG-39(reverse) (103 bp); CNDP2, 59-AAC TCA GGC CCT CCC TCT GTT GT-39(forward) and 59-GCT CCA GGA AGT GAC TGC GGC-39(reverse) (146 bp); OGN, 59-GTT GAC ATT GAT GCT GTA CCA CCC-39(forward) and 59-GCT TGG GAG GAA GAA CTG GA-39(reverse) (241 bp). GAPDH, 59-CAA GGT CAT CCA TGA CAA CTT TG-39 (forward) and 59-GTC CAC CAC CCT GTT GCT GTA G-39(reverse) (496 bp). The PCR conditions used for the amplification were as follows: 94uC for 5 min, then 30 cycles of 94uC for 20 s, 55-60uC for 20 s, and 72uC for 30 s, followed by 72uC for 10 min. The RT-PCR products were analysed on a 1% agarose gel and visualised with ethidium bromide staining. The GAPDH gene was used as a positive control to assess the cDNA quality.
Cell proliferation assay
Cells (1610 4 /ml) were plated in 96-well plates. At 24, 48, and 72 h post-transfection with PFN1 siRNA, the cell viability was determined by cell counting kit-8 (CCK-8) assay (Dojindo) according to the manufacture's protocol.
Transwell assay
Transwell assay was performed using polycarbonate transwell filters (Corning, 8 mm) as previously described [20] . Briefly, at 12 h posttransfection, a sample of 0.8610 5 cells were suspended in medium containing 1% FBS and added to the upper chamber. And the bottom chambers were filled with culture medium containing 20% FBS. After incubation for 24 h, the cells on the upper surface of the well were removed, and the cells on the lower surface were fixed in cold methanol and stained with 0.4% crystal violet (Sigma). For each experiment, the number of transmigrated cells in five random fields on the underside of the filter was counted and photographed, and three independent filters were analysed.
Western blotting
Whole-cell lysates were prepared from human tissue specimens and treated cells. For Western blotting analysis, equal amounts of proteins were separated using SDS-PAGE and transferred to a nitrocellulose membrane and then incubated with monoclonal antibody anti-PFN1 (Epitomics), monoclonal antibody anti-NCL (Santa Cruz), polyclonal antibody anti-CNDP2 (Proteintech), polyclonal antibody anti-OGN (Abgent), or monoclonal antibody anti-GAPDH (Bioworld) at 4uC overnight. The immunocomplexes were visualised using a horseradish peroxidase-conjugated antibody followed by a chemoluminescence reagent (Millipore) and detected on photographic film.
Statistical analysis
The data was expressed as the mean 6 SD. All calculations were performed with SPSS version 11.7. The statistical analyses were performed with Student's t-test and analysis of variance. Multiple groups comparison in other assays was performed by one-way ANOVA.
All P values were two tailed, and ,0.05 was considered statistically significant.
Results
Screening for differentially expressed proteins
Using APEX software, the original data were analyzed. Three independent experiments were performed in the laryngeal carcinoma (C) and the corresponding adjacent noncancerous (P) samples pools, respectively. According to the stringent criteria of having .1 unique peptide per protein present and a false discovery rate of #5%, 1,738 proteins were identified from the two sample pools. Following the statistical Student's 2-sample t-test analysis and the Fold change (C/P) methods, 141 proteins were significantly up-regulated using the criteria of P,0.05 and fold change .1.5, and 140 proteins were significantly down-regulated by P,0.05 and fold change ,0.667 (Table 2 ). The expression values of the expressed proteins with significant difference were first converted to a log form and then input as hierarchical cluster algorithms. The results are shown in Figure 1 .
GO analysis of the proteins with significant difference in expression
To get more insight on the biological significance of the differentially expressed proteins in human laryngeal carcinoma, GO analysis was conducted on 281 differentially expressed proteins ( Figure 2 ). According to biologic process analysis, it showed that each group was enriched with the proteins of different functions, suggesting that the differentially expressed proteins may play a distinctive role in human laryngeal carcinogenesis by these signaling pathways.
Analysis of the differential protein network
To identify the potential interrelationships between proteins expressed with significant difference, a protein-protein interaction network was built up with Pajek software. Consistently, the differential protein network was established by integrating three different types of interaction: 1) protein-protein interactions obtained in well established high-throughput experiments such as yeast 2-hybrid experiments; 2) gene interactions reported in the literature; and 3) protein interaction, gene regulation, and protein decoration. The results are shown in Figure 3 . These proteins may have important roles in laryngeal carcinoma oncogenesis and progression, and their presence in this network diagram confirms the relevance of the differentially expressed proteins data set and their association to laryngeal carcinoma, in some way.
Validation of differentially expressed proteins indentified by proteomics
Next, semiquantitative RT-PCR was performed to detect the mRNA levels of PFN1, NCL, CNDP2 and OGN in 8 cases of paired laryngeal carcinoma tissues. As shown in Figure 4A , in most cases, PFN1, NCL and CNDP2 exerted an increased mRNA expression, while OGN displayed a decreased level in the carcinoma tissues compared with the adjacent normal tissue. The protein expression level of the four selected molecules was further investigated with 24 paired cases of laryngeal carcinoma and non-cancer tissue sections using Western blotting. And the results revealed that the expression of PFN1, NCL, and CNDP2 was elevated and that of OGN was reduced in laryngeal carcinoma tissue compared with the adjacent normal tissue ( Figure 4B ). Thus, these results validate the differentially expressed proteins indentified by the proteomics.
PFN1 silencing inhibits the proliferation and metastasis of the human laryngeal carcinoma Hep-2 cells
To know whether down-regulation of PFN1 is involved in laryngeal carcinoma carcinogenesis, Hep-2 cells were transfected with siRNA to specifically target PFN1 or negative control siRNA, and then the proliferation and metastasis of the transfected cells were measured. The transfection efficiency was confirmed by semiquantitative RT-PCR and Western blotting. The data showed that PFN1 expression in the siRNA-PFN1 group was reduced significantly at both the mRNA (24 h) and protein (48 h) levels when compared to the levels in the negative control siRNA and untreated control groups ( Figure 5A ). Next, the proliferation of siRNA-transfected Hep-2 cells was determined by CCK-8 assay.
As shown in Figure 5B , within 48 hours, the percentages of viable cells were not significantly different in the PFN1 siRNA group when compared to the negative control siRNA and untreated control groups. And the cells of PFN1 siRNA group showed a significantly decreased proliferation at 72 h time points. Additionally, transwell assay was performed to further determine whether the downregulation of PFN1 could influence the migration ability of Hep-2 cells. As expectably, the numbers of cells in the siRNA-PFN1 group that migrated to the lower surfaces of the transwells were reduced in comparison to those in the negative control siRNA and untreated control groups ( Figure 5C and D) . These results indicate that PFN1 silencing affects the proliferation and migration ability of Hep-2 cells.
Discussion
Previous proteomics study using 2D-MS identified the differential proteins in laryngeal carcinoma tissue [17] , few candidate proteins were detectable because of low resolution, and most of the differentially expressed proteins detected were high-abundance proteins. In addition, using SELDI-TOF-MS method to identify the proteomic shift in laryngeal carcinoma serum, Cheng et al and Liu group reported different findings and conclusions that few proteins were found to vary in concert, and the discrepancies might be due to their technical problems such as varying ability of mass spectrometry to identify a particular protein [14, 15] . Thus, successful application of proteomic technologies to biomedical and clinical research is leading to the discovery of disease-specific biomarkers for diagnosis and treatment monitoring, providing insight into the underlying pathologies and allowing identification of novel therapeutic targets [12] . In the current study, we used 2 chromatographic methods coupled with MS to detect differentially expressed proteins and thereby greatly raised the number of detectable proteins. The 2D LC-MS/MS analysis performed in this study led to the identification of 1738 proteins, among which 281 were differentially expressed with significance between the laryngeal carcinoma tissues and the corresponding adjacent noncancerous tissues. Of these, 141 proteins were upregulated, and the remaining 140 proteins were downregulated. To get more insight on the biological significance of the differentially expressed proteins in laryngeal carcinoma process, hierarchical cluster, gene ontology and protein network analysis were performed on 281 differential proteins. Stage-specific and coregulated expression profiles of the differentially expressed proteins were displayed in the hierarchical cluster analysis. GO analysis revealed that each functional group may play a distinctive role during laryngeal carcinoma carcinogenesis. Additionally, the network diagram confirmed the relevance of the differentially expressed proteins provided a handle by which to identify upstream activators and downstream effectors.
Considerable proteins, such as YWHAZ, S100-A11, glutathione S-transferase, alpha-enolase, flavin reductase, fascin, and carbonic anhydrase, have been reported to be associated with laryngeal carcinoma in previous proteomics studies but without clinical validation and in-depth functional research [17, 18] . However, in our present study, four of the altered expressed proteins with different subcellular localization, such as PFN1: extracellular, NCL: nucleolus, nucleus and cytoplasm, CNDP2: cytoplasm, and OGN: extracellular, have been observed to be differentially expressed in cancers from other origins but not previously in laryngeal carcinoma [21] [22] [23] [24] . Meanwhile, these candidates have been proved to be involved in multiple cellular pathways related to carcinogenesis, including proliferation, differentiation, apoptosis, migration, and invasion. Thus, the expression of PFN1, NCL, CNDP2 and OGN were further investigated employing a large collection of human laryngeal carcinoma tissues. Noteworthy, the effects of PFN1 in the proliferation and migration of human squamous cells were also analysed.
Profilin-1(PFN1), as an important actin-binding protein and ubiquitously expressed profilin isoform, has been considered as an essential control element for actin polymerization by virtue of its ability to funnel actin monomers (G-actin) to the growing filament and interact with almost all major protein families, which involved in nucleation and/or elongation of actin filaments [25] . Deregulation of PFN1 has been reported in various adenocarcinomas (breast, pancreas, hepatic, and gastric), and indicating that the molecule may function as a tumor-suppressor gene [26] [27] [28] [29] . Especially, PFN1 plays crucial roles in metastasis and carcinogenesis of mammary epithelial cells by regulating membrane protrusion, motility, and invasion [30] . To know whether downregulation of PFN1 is involved in laryngeal carcinoma carcinogenesis, we knocked down PFN1 in human laryngeal carcinoma cells Hep-2, and then detected whether PFN1 knockdown decreased the proliferation and metastasis of Hep-2 cells. The data showed that PFN1 silencing inhibited the proliferation and affected the migration ability of Hep-2 cells, demonstrating that Table 2 . Differentially expressed proteins screened out compared the laryngeal carcinoma tissues (C) with the corresponding adjacent noncancerous tissues (P). PFN1 plays an important role in human laryngeal carcinoma carcinogenesis. To our knowledge, this is the first report to establish a correlation between PFN1 down-regulation and carcinogenesis of human laryngeal carcinoma, and PFN1 as a potential biomarker for early detection of this cancer. Nucleolin (NCL) is another protein found overexpressed in laryngeal carcinoma. As a multifunctional phosphoprotein, NCL has a bipartite nuclear localization signal sequence and binds RNA through its RNA recognition motifs [31] . It has been shown to be up-regulated in highly proliferative cells and regulated many aspects of DNA and RNA metabolism, chromatin structure, rRNA maturation, cytokinesis, nucleogenesis, cell proliferation and growth [32, 33] . Further, the expression of NCL was reported to be increased in pancreatic ductal adenocarcinoma and the overexpression of the protein was found in other human cancers such as gliomas, melanoma, and non-small cell lung cancer [34] [35] [36] [37] . Similarly, our semiquantitative RT-PCR and Western blotting results confirmed on a larger series of specimens the increased expression of NCL in the laryngeal carcinoma, indicating the possibility that the overexpression of this protein is more specific to cancer. Cytosolic non-specific dipeptidase 2 (CNDP2), also known as carboxypeptidase of glutamate-like (CPGL), is expressed in all human tissues [38] . Previously, Zhang et al observed that CNDP2 is downregulated in hepatocellular cancer and could inhibit the viability, colony formation, and invasion of hepatocellular carcinoma cells [23] . A recent report also demonstrated that the loss of CNDP2 functioned as a tumour suppressor gene in pancreatic cancer and that the loss of CNDP2 suppressed proliferation, induced G0/G1 accumulation, and inhibited the migration ability of a pancreatic cancer cell line [39] . However, not all tumours express a low CNDP2 level, and the molecular function of CNDP2 is largely unknown. Okamura et al showed through quantitative proteomic analysis that renal cell carcinoma tissues have a high level of CNDP2 expression [40] . Tripathi et al found that CNDP2 was up-regulated in breast cancer tissues compared with normal breast epithelium [41] . The discrepant expression of CNDP2 in different tumours may due to its tissue specificity. In consistent with the later researches, our proteomic investigation revealed the overexpression of CNDP2 in the laryngeal carcinoma, and providing the information that this protein might be an accessible biomarker for certain type of cancers.
Mimecan (OGN), a secretory protein, belongs to a family of small leucine-rich proteoglycans (SLRPs). The expression of OGN was absent in several cancer cell lines, implicating its potential role as a tumor suppressor gene in cancer biology, although its physiological function has not been fully elucidated [42] . Even though, various human diseases, such as primary open-angle glaucoma and pituitary tumors, have been reported to associate with the expression of OGN [43] . Concomitantly, the differential expression of this protein serves as an excellent pathological biomarker to distinguish non-small cell lung cancers from small cell lung cancers [44] . Here, our validation experiments demonstrated the significant down-expression of OGN in a large group of laryngeal carcinoma patients, hinting that OGN may be a potential tumour suppressor gene involved in laryngeal carcinoma initiation and progression.
Taken together, in this study, the use of 2D LC-MS/MS identified 281 significantly differentially expressed proteins in human laryngeal carcinoma, and four differential proteins (PFN1, NCL, CNDP2 and OGN) with expressional changes were selectively verified. It was showed that panel of the four proteins, or some of them, could serve as novel potential biomarkers for detection or therapeutic targets of human laryngeal carcinoma. Moreover, it was found that PFN1 knockdown decreased the metastasis of Hep-2 cells, demonstrating that PFN1 plays an important role in metastasis of laryngeal carcinoma. Thus, our findings reported here could have potential clinical value in diagnosis of human laryngeal carcinoma, and would provide some valuable information for further study of molecular mechanisms of this cancer. 
